ABSTRACT
INTRODUCTION

36
Viruses are a major cause of coccolithophore bloom demise in both temperate and sub- phytoplankton community Fuhrman, 1999) .
46
Within a coccolithophore bloom, the success of specific coccolithovirus strains vary and is there are clear genetic differences between coccolithovirus isolates (Allen et al. 2006, 59 to reveal the competitive interactions of two genetically distinct viruses infecting side by side, 86 and assess the implications for host growth and virus productivity. Strain specific primers 87 were designed for each coccolithovirus, and the change in EhV abundance was monitored for Emiliania huxleyi abundance was measured daily using analytical flow cytometry (AFC, see 99 below for protocol), and when cellular density reached 1.5 × 10 6 cells mL -1 (i.e. beginning of 100 exponential growth, µ = > 0.7), aliquots of 100 mL were distributed into 12 polystyrene, 101 sterile, 250 mL tissue culture flasks (Greiner, CellStar) . The 12 algal subculture flasks and 102 nine additional flasks containing only f/2 media (controls ; Table S1 ) were then returned to the 103 same light and temperature conditions as above, and left to acclimatise for 48 h.
105
The virus pathogens EhV strain EhV86 and EhV-207 (Nissimov et al. culture (~4 × 10 6 cells mL -1 ) was infected with 5-10 mL of an EhV lysate stock. When the culture had lysed (complete loss of pigmentation, monitored using analytical flow cytometry,
111
AFC, see below) lysates were gently vacuum-filtered through 0.2 µm pore size sterile filters,
112
Millipore Express) to remove E. huxleyi cell debris, and stored in the dark at 4°C until 113 required. On the day of the experiment (t0), the experimental flasks were set up to represent 114 seven different treatments (A-G) as described in Table S1 . Ten minutes before the first 115 sampling point (t0), flasks 1-3 (A) were inoculated with EhV-86 lysate at a virus:host ratio of and gently mixed with 60 μL of phenol. Then 500 μL of chloroform/isoamyl alcohol (24:1) was 199 added to the tubes, mixed gently, after which they were centrifuged at 10,000 rpm for 5 min. 200
After removing the top phase into a clean Eppendorf microfuge tube and adding 500 μL of 7.5 M 201 ammonium acetate, they were left at room temperature for 30 min. A centrifugation step at 202 10,000 rpm for 15 min followed after which the supernatants were placed into clean 2 mL 203 Eppendorf tubes. To these tubes 1 mL of 100% ethanol (ETOH) was added, leaving them to 204 precipitate for 3 h at 4°C, and then centrifuging them at 13,000 rpm for 30 min after which the 205 supernatants were removed and discarded. Finally, the pellets were washed by centrifugation for 206 10 min with 500 μL of 70% ETOH and air dried overnight. The genomic DNA pellets were re-207 suspended in 50 μL of TE buffer and then quantified by spectrophotometer (i.e. NanoDrop) and a 208 1% agarose gel electrophoresis. 
RESULTS
257
Genetically distinct viruses produce contrasting host lysis rates 258 Emiliania huxleyi CCMP 2090 abundance increased steadily in all flasks during the first 24 h 259 to an average (±SD) maximum of 2.6 × 10 6 ±4 × 10 5 cells mL -1 (Fig. 1) replicated to produce new virions quicker; i.e. combined GCN was higher (Fig. 4) . In the dual and 4 × 10 6 ±1.28 × 10 6 (SD) mL -1 respectively (Fig. 4) . Thus, EhV-207 appeared to be not 329 only a faster strain than EhV-86 with regards to its rate of infection under the conditions 330 studied, but also a 'superior' strain that out-competed its EhV-86 rival to infect a host 331 population when they were combined at equal abundance (Fig. 4) .
347
The presence of EhV-86 in the dual infection treatments did not affect the amount of cell- respectively, in comparison with the single virus treatments (Fig. 4) .
359
By the end of the sampling period the cell-associated EhV-86 copy number in the dual 360 infection treatments was more than three orders of magnitude lower than that of cell- Chlorella exist in coccolithoviruses, but it is worth considering and investigating further.
477
Regardless of the mechanisms involved, EhV-86 appeared to be a poor competitor to EhV- Finally, investigating the differences in free EhV GCN compared to the cell-associated EhV
482
GCN revealed an aspect never previously observed in the study of coccolithovirus 483 replication. For both EhV strains, cell-associated GCN was higher than the free GCN,
484
suggestive that not all the newly synthesized genomes were able to be packed into virions and 485 released from the cells. This is indicative of a nucleotide independent factor that limits the 486 burst size of these two EhV strains and ultimately the amount of new virus progeny produced.
487
The EhV virion consists of dsDNA genomic material encased within a protein shell carbon and nutrient export, as the host population growth would be rapidly diminished.
521
Alternatively, if EhV-86-like genotypes were to be hypothetically the "winners" of these competition, whilst if they are not similar then they will not be. Indeed it was shown that 550 plant RNA virus evolution occurs due to "survival of the fittest" scenario, during which 551 closely related viruses increased the positive selection of some of these viruses over others 552 (Roossinck and Palukaitis, 1995 Whether a particular coccolithovirus strain (and all its associated genomic, proteomic, and 586 metabolomic characteristics) will proliferate, is determined by its ability to co-evolve with 587 one or more host genotypes and outcompete other viruses less fit in a particular environment.
588
One can only imagine the complexity of the interactions described here in naturally occurring 
